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(54) METHOD OF DRIVING AND CONTROLLING DC PUMP 

(57)Abstract* 

PROBLEM TO BE SOLVED: To provide a method of 
driving and controlling a DC pump capable of sufficiently 
assuring a rated flow rate in correspondence with any 
piping state without necessitating a flow sensor and 
C*S / without consuming wasteful power. 

SOLUTION: This DC pump comprises a storage means for 
"gftfe^yja [storing pump characteristic data obtained when a rated 
17 | vn voltage of V0 is applied thereto as the data, a current 

K***«HBtf» detection means 11 for detecting a winding current, a flow 
calculation means 12 for calculating a flow rate by using an 
output signal from the current detection means 1 1 and an 
applied voltage, and a voltage regulating means for 
regulating the applied voltage so that the flow rate becomes 
a target flow rate when the pump is installed in a piping 
w^ffy system . 
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[Claim(s)] 

[Claim 1] [ when the pump which makes a DC motor a driving source is installed in the pipe line of 
arbitration ] A storage means to memorize the pump characteristics of the flow rate, the head, and the 
current at the time of rated voltage V0 impression as data, In order to detect a coil current, have a current 
detection means, and the output signal of said current detection means and the value of applied voltage are 
used. Flow rate = It has a flow rate operation means for calculating a flow rate by the formula of the 
multiplier lx current + multiplier 2x applied-voltage + multiplier 3. The drive control approach of DC pump 
characterized by controlling by voltage adjustment means to adjust applied voltage so that it may become 
the target flow rate with which received the result calculated with said flow rate operation means, and the 
flow rate was remembered to be by said storage. 

[Claim 2] [ when the pump which makes a DC motor a driving source is installed in the pipe line of 
arbitration ] A storage means to memorize the pump characteristics of the flow rate, the head, and the 
current at the time of rated voltage V0 impression as data, In order to detect a coil current, have a current 
detection means, and the output signal and applied voltage of said current detection means are used. Flow 
rate = It has a flow rate operation means for calculating a flow rate by the formula of the multiplier lx 
current + multiplier 2x applied- voltage + multiplier 3. The drive control approach of DC pump characterized 
by controlling by current adjustment means to adjust only a current so that it may become the target flow 
rate with which received the result calculated with said flow rate operation means, and the flow rate was 
remembered to be by said storage. 

[Claim 3] The drive control approach of DC pump according to claim 2 characterized by considering said 
current adjustment means as PWM control. 

[Claim 4] The drive control approach of DC pump according to claim 2 characterized by using said current 
adjustment means as a demand limiter. 
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CLAIMS 



DETAILED DESCRIPTION 



[Detailed Description of the I^Btion] 

[0001] 

[Field of the Invention] This invention is used for household-electric-appliances devices, such as an 
air-conditioner and a hot-water supply machine, and relates to the drive control approach of DC pump which 
makes a driving source DC brushless motor characterized by the capacity adjustable. 
[0002] 

[Description of the Prior Art] Conventionally, in order to make an AC motor into a driving source, the 
capacity adjustable of a pump was not made but the capacity of a pump had changed with the frequency of 
50/60Hz of a source power supply further, so that it might be represented by the hot-water supply machine 
in the circulating pump for device nests. Drawing showing the pump characteristics which make a driving 
source an AC motor [ in / for this / the conventional example of drawing 8 ] explains. 

[0003] In drawing 8 , 101 is pump characteristics with a source-power-supply frequency of 50Hz, and 102 is 
pump characteristics with a source-power-supply frequency of 60Hz. A thing with a pump performance 
higher than 50Hz has a common way with a source-power-supply frequency of 60Hz so that clearly from 
this characteristic ray Fig. Moreover, 103 is the operating point of a pump with a source-power-supply 
frequency [ in a certain pipe line ] of 60Hz. And 104 is the rated flow Q 0 required as pump capacity, and it 
being the need with a device nest pump generally is that a rated flow is secured on any piping conditions, 
and excessive energy is not consumed but it is efficient. 
[0004] 

[Problem(s) to be Solved by the Invention] If AC pump guarantees the capacity as a pump with the mean 
value of voltage variation for the voltage variation of the DC power supply which carry out a direct 
development from the voltage variation of a source power supply, a pump performance will be greatly 
downed by the lower limit of voltage variation. Moreover, in the case of a centrifugal pump, if the pump 
built into a device guarantees a pump performance by the lower limit of voltage variation, since power 
consumption increases so that a flow rate becomes large, power consumption will go up by the upper limit 
of voltage variation, and a pump will exceed the allowable-temperature conditions of components, such as 
an electronic device, a substrate, and a coil. That is, with the pump which makes an AC motor a driving 
source, since it corresponded to the frequency of a piping situation or a source power supply, capacity 
control needed to be carried out by inverter control etc. Even when the pump which makes a driving source 
the AC motor which can perform capacity control was furthermore used for JP,59-47155,B like a 
publication, in order to secure a rated flow, it had the technical problem which needs a flow rate sensor. 
[0005] This invention does not need a flow rate sensor etc., but it aims at offering the drive control approach 
of DC pump of not consuming useless power while it secures the rated flow of a pump the neither more nor 
less corresponding to all piping situations. 
[0006] 

[Means for Solving the Problem] [ when the pump with which this invention makes a DC motor a driving 
source is installed in the pipe line of arbitration ] A storage means to memorize the pump characteristics of 
the flow rate, the head, and the current at the time of rated voltage V0 impression as data, In order to detect a 
coil current, have a current detection means, and the output signal of said current detection means and the 
value of applied voltage are used. Flow rate = It has a flow rate operation means for calculating a flow rate 
by the formula of the multiplier lx current + multiplier 2x applied-voltage + multiplier 3. It is characterized 
by controlling by voltage adjustment means to adjust applied voltage so that a flow rate may turn into a 
target flow rate memorized by said storage in response to the result calculated with said flow rate operation 
means. 

[0007] Moreover, when the pump which makes a DC motor a driving source is installed in the pipe line of 
arbitration, it sets. It has a current detection means for detecting the storage means and coil current which 
memorize the pump characteristics at the time of rated voltage V0 impression (flow Q, Head H, Current I) as 
data. And have a flow rate operation means for calculating a flow rate by the aforementioned formula, and 
the result calculated with said flow rate operation means using the output signal and applied voltage of said 
current detection means is received. The current in the target flow rate remembered that a flow rate turns 
into a target flow rate by said storage means is referred to. It corresponds to all piping situations, without 
needing sensors, such as a flow rate sensor, by considering as the control unit of the pump characterized by 
controlling by current adjustment means, for example, PWM control, to adjust a current, a current limiter 
circuit, etc. The rated flow of a pump is secured the neither more nor less, and control which does not 
consume useless power can be performed. 



[0008] 

[Embodiment of the InventiorT^when the pump with which invention according to claim 1 makes a DC 
motor a driving source is installed in the pipe line of arbitration ] A storage means to memorize the pump 
characteristics of the flow rate, the head, and the current at the time of rated voltage V0 impression as data, 
In order to detect a coil current, have a current detection means, and the output signal of said current 
detection means and the value of applied voltage are used. Flow rate = It has a flow rate operation means for 
calculating a flow rate by the formula of the multiplier lx current + multiplier 2x applied- voltage + 
multiplier 3. It is the drive control approach of DC pump characterized by controlling by voltage adjustment 
means to adjust applied voltage so that it may become the target flow rate with which received the result 
calculated with said flow rate operation means, and the flow rate was remembered to be by said storage. 
While a rated flow is securable from the signal of only a current detection means the neither more nor less 
by the pipe line of arbitration, it has an operation of being controlled by necessary minimum power 
consumption. 

[0009] [ when the pump with which invention according to claim 2 makes a DC motor a driving source is 
installed in the pipe line of arbitration ] A storage means to memorize the pump characteristics of the flow 
rate, the head, and the current at the time of rated voltage V0 impression as data, In order to detect a coil 
current, have a current detection means, and the output signal and applied voltage of said current detection 
means are used. Flow rate = It has a flow rate operation means for calculating a flow rate by the formula of 
the multiplier lx current + multiplier 2x applied-voltage + multiplier 3. It is the drive control approach of 
DC pump characterized by controlling by current adjustment means to adjust only a current so that it may 
become the target flow rate with which received the result calculated with said flow rate operation means, 
and the flow rate was remembered to be by said storage. While a rated flow is securable from the signal of 
only a current detection means the neither more nor less by the pipe line of arbitration, it has an operation 
that it can control to necessary minimum power consumption. 

[0010] It is the drive control approach of DC pump according to claim 2 characterized by invention 
according to claim 3 considering said current adjustment means as PWM control, and while a rated flow is 
securable from the signal of only a current detection means the neither more nor less by the pipe line of 
arbitration, it has an operation that it can control to the power consumption of the source of need min. 
[001 1] It is the drive control approach of DC pump according to claim 2 characterized by invention 
according to claim 4 using said current adjustment means as a demand limiter, and while a rated flow is 
securable from the signal of only a current detection means the neither more nor less by the pipe line of 
arbitration, it has an operation that it can control to necessary minimum power consumption. 
[0012] (Gestalt 1 of operation) The gestalt 1 of operation of this invention is hereafter explained using 
drawing 1 - drawing 3 . 

[0013] Drawing 1 is a block diagram in the gestalt 1 of operation of this invention. 

[0014] A current detection means to detect the coil current of the DC motor whose 1 1 is a driving source in 
drawing 1 , A flow rate operation means by which 12 calculates the flow rate of a pump with the applied 
voltage from the output and control means (after-mentioned) of the current detection means 11, The flow 
rate comparison means in comparison with the flow rate which 13 memorized the rated flow Q 0 of a pump, 
and was calculated from the flow rate operation means 12, The control means controlled to the rated flow Q 
0 from the flow Q 1 which 14 outputted the voltage adjustment signal 15 which adjusts the magnitude of the 
applied voltage of a motor, and was predicted with the flow rate operation means 12, and 16 are drive means 
which consist of two or more transistor groups. Moreover, whether a control means's 14 turning on the 
transistor of the drive means 16 throat which consists of two or more transistor groups which switch the 
current passed to two or more coils of a motor, and the drive control signal 17 to determine are generated. 
The drive means 16 inputs the drive control signal 17 and the voltage adjustment signal 15, and compounds 
and outputs two signals. 

[0015] Drawing 2 is drawing showing the pump characteristics of the adjustable capacity in the gestalt 1 of 
operation of this invention, expresses the pump characteristics when impressing the basic rated voltage V0 
with a continuous line in drawing 2 , and expresses the piping pressure loss at the time of a certain flow rate 
****** with the broken line. The point Al expresses flow rate 10 L/min which is a pump rated point at the 
time of rated voltage 135 V impression, 10m of heads, and current 0.74A. Next, when a pump is installed in 
a certain pipe line, an operating point (flow Q 1, the head HI, current II) when rated voltage 135V are 
impressed is set to BL 

[0016] On the other hand, the relation between an electrical potential difference and a current characteristic 



-'Owi^fcrav^Mn^ by the experimental result. Anc^^^rel ati 

a current, and an electrical po^mial difference is approximated by the degree type from the property Fig. by 

this experiment. 

[0017] 

Flow rate = 222.22x current-0.89x applied voltage ... (1) 

Then, a current signal is detected by the current detector for detecting a coil current, and the result and rated 
flow which calculated the flow rate under the formula (1) in the flow rate arithmetic circuit are measured 
using the value of the signal and applied voltage. Since there are more flow rates than a rated flow, applied 
voltage is decreased, and it controls to become rated-flow 10 L/min from an operating point Bl. Although 
the alternate long and short dash line shows the pump characteristics after control, it moves to the operating 
point CI (flow rate 10 L/min, 5.8m [ of heads ], applied-voltage 100V, and current 0.41 A) on the line, and a 
target flow rate can be secured. In addition, drawing showing the experimental result of the relation of the 
current and electrical potential difference in a gestalt 1, and flow rate of the operation of this invention to 
drawing 3 is shown. 

[0018] (Gestalt 2 of operation) Next, the gestalt 2 of operation of this invention is explained using drawing 4 
and drawing 5 . 

[0019] Drawing 4 is a block diagram in the gestalt 2 of operation of this invention. In drawing 4 , a current 
detection means to detect the coil current of the DC motor whose 21 is a driving source, a flow rate 
operation means by which 22 calculates the flow rate of a pump with the applied-voltage signal from the 
output and control means (after-mentioned) of the current detection means 21, the flow rate comparison 
means in comparison with the flow rate which 23 memorized the rated flow Q 0 of a pump, and was 
calculated from the flow rate operation means 22, and 24 are PWM control means. The PWM control means 
24 outputs the current adjustment signal 25 which adjusts the magnitude of the current of a motor. 
Furthermore, the control means which controls 26 to the rated flow Q 0 from the flow Q 1 predicted with the 
flow rate operation means 22, and 27 are drive means which consist of two or more transistor groups. The 
drive control signal 28 which determines whether a control means 26 turns on the transistor of the drive 
means 27 throat which consists of two or more transistor groups which switch the current passed to two or 
more coils of a motor is generated. Moreover, the drive means 27 inputs the drive control signal 28 and the 
current adjustment signal 25, and compounds and outputs two signals. 

[0020] Drawing 5 is drawing showing the pump characteristics of the adjustable capacity in the gestalt 2 of 
operation of this invention, expresses the pump characteristics when impressing the basic rated voltage V0 
with a continuous line in drawing 5 , and expresses the piping pressure loss at the time of a certain flow rate 
****** with the broken line. The point A2 expresses flow rate 10 L/min which is a pump rated point at the 
time of rated voltage 135V impression, 10m of heads, and current 0.74A. Next, when a pump is installed in 
the existing pipe line, let an operating point (flow Q 1 , the head HI, current II) when rated voltage 135V are 
impressed be B-2. Then, by detecting a current signal by the current detector for detecting a coil current, and 
measuring the result and rated flow which calculated the flow rate under the above-mentioned formula (1) in 
the flow rate arithmetic circuit using the value of the signal and applied voltage, since the flow rate is higher 
than a rated flow With reference to the current in the target flow rate memorized by the storage means, 
lowering a duty to 50% from 100% by PWM control, i.e., by doubling a current value with numerical 0.45A 
which acquired the current from the storage means As a result of carrying out control of flow to rated-flow 
10 L/min from operating-point B-2, an operating point moves to C2 (flow rate 10 L/min, 5.8m [ of heads ], 
applied-voltage 100V, and current 0.41 A) as the alternate long and short dash line shows the pump 
characteristics after control, and a target flow rate can be secured. 

[0021] (Gestalt 3 of operation) The gestalt 3 of operation of this invention is explained below using drawing 
6 and drawing 7 . 

[0022] Drawing 6 is a block diagram in the gestalt 3 of operation of this invention. In drawing 6 , a current 
detection means to detect the coil current of the DC motor whose 31 is a driving source, a flow rate 
operation means by which 32 calculates the flow rate of a pump with the applied-voltage signal from the 
output and control means (after-mentioned) of the current detection means 31, the flow rate comparison 
means in comparison with the flow rate which 33 memorized the rated flow Q 0 of a pump, and was 
calculated from the flow rate operation means 32, and 34 are limiter control means. This limiter control 
means 34 outputs the current adjustment signal 35 which adjusts the current of a pump. Furthermore, the 
control means which controls 36 to the rated flow Q 0 from the flow Q 1 predicted with the flow rate 
operation means 32, and 37 are drive means which consist of two or more transistor groups. The drive 



control signal 38 which deterj^^s whether a control means 36 turns on thlHffnsistor of the drive means 37 
throat which consists of two or more transistor groups which switch the current passed to two or more coils 
of a motor is generated. Moreover, the drive means 37 inputs the drive control signal 38 and the current 
adjustment signal 35, and compounds and outputs two signals. 

[0023] Drawing 7 is drawing showing the pump characteristics of the adjustable capacity in the gestalt 3 of 
operation of this invention, in drawing 7 , when the basic rated voltage V0 is impressed, it expresses pump 
characteristics with a continuous line, and it expresses the piping pressure loss at the time of a certain flow 
rate ****** with the broken line. Point A3 expresses flow rate 10 L/min which is a pump rated point at the 
time of rated voltage 135V impression, 10m of heads, and current 0.74A. Next, when a pump is installed in 
the existing pipe line, an operating point (flow Q 1, the head HI, rotational frequency Nl) when rated 
voltage 135V are impressed is set to B3. Then, a current signal is detected by the current detector for 
detecting a coil current, and a flow rate is calculated under the above-mentioned formula (1) in a flow rate 
arithmetic circuit using the value of the signal and applied voltage. With reference to the current in the target 
flow rate which measured the result of an operation and rated flow, and was memorized by the storage 
means since the flow rate was higher than the rated flow, a current is decreased to reference current value 
0.45A with a demand limiter. As a result of carrying out control of flow to target flow rate 10 L/min from an 
operating point B3 by this as the alternate long and short dash line shows the pump characteristics after 
control, an operating point moves to C3 (flow rate 10 L/min, 6.5m [ of heads ], applied- voltage 135V, and 
current 0.45 A), and a target flow rate can be secured. 
[0024] 

[Effect of the Invention] As mentioned above, without carrying out the additional equipment of the sensors, 
such as a flow rate sensor, specially, by the drive control approach of DC pump of this invention, 
corresponding to all piping situations, the rated flow of a pump is secured the neither more nor less, and 
control which does not consume useless power can be performed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The block diagram in the gestalt 1 of operation of this invention 

[Drawing 21 Drawing showing the pump characteristics of the adjustable capacity in the gestalt 1 of 
operation of this invention 

[Drawing 31 Drawing showing the experimental result of the relation of the current and electrical potential 
difference in a gestalt 1, and flow rate of operation of this invention 
[Drawing 41 The block diagram in the gestalt 2 of operation of this invention 

[Drawing 51 Drawing showing the pump characteristics of the adjustable capacity in the gestalt 2 of 
operation of this invention 

[Drawing 61 The block diagram in the gestalt 3 of operation of this invention 

[Drawing 71 Drawing showing the pump characteristics of the adjustable capacity in the gestalt 3 of 
operation of this invention 

[Drawing 81 Drawing showing the pump characteristics which make the AC motor in the conventional 
example a driving source 
[Description of Notations] 

1 1 Current Detection Means 

12 Flow Rate Operation Means 



13 Flow Rate Comparison MflB 

14 Control Means ^ 

15 Voltage Adjustment Signal 

16 Drive Means 

17 Drive Control Signal 

21 Current Detection Means 

22 Flow Rate Operation Means 

23 Flow Rate Comparison Means 

24 PWM Control Means 

25 Current Adjustment Signal 

26 Control Means 

27 Drive Means 

31 Current Detection Means 

32 Flow Rate Operation Means 

33 Flow Rate Comparison Means 

34 Li miter Control Means 

35 Current Adjustment Signal 

36 Control Means 

37 Drive Means 

101 Pump Characteristics with a Source-Power-Supply Frequency of 50Hz 

102 Pump Characteristics with a Source-Power-Supply Frequency of 60Hz 

103 Operating Point of Pump with a Source-Power-Supply Frequency [ in a Certain Pipe Line ] of 60Hz 

104 Rated Flow Q 0 Required as Pump Capacity 
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So F ^ ^ l 6 lib* -5^ ^WH»©# 1 7 £ «fflH 

[0015112 «*^6Bj©^te©0SS 1 tc*»W 
^©^v^tt**^^* 0 - H2K4»C>"C. 
£^c 4g««*EV 0 Uc £ *©#>^tt^S 
til,, * 4»«»hfcBS©ffieEf-«**«»-C* L/ 

> h a i ti3£«*E i 3 5 vEnJnB#©*> 

0. 7 4A*Sl/t:i,»S. ^CK, ASEIifttCjJO^** 

fagsnfcjs^. se»«e i 3 5 v^enira$ti/cB§©a 

IejS («SSQ 1 . »SH 1 . ** I 1 ) *B 1 t-TS. 
[0016] *Ei«JM9tt©M«{i*»fe»«c 
J;"302(C^-r#tt£O-C^3n2»o *0-C, C©^» 

CCJ: S«ttH* i e>. ?ss£m« c uRy t mE£©M^^x-s; 

[0017] 



xento^ffi ■ • • (i) 

[0018] (*SS©Jf5*jl2 ) ». *»«©***©» 
^2CCO^-C[S4RD ! EI5*ffl^-CS«?B"3'-6. 
[0019] 04«$;^BJ©»6©Bsl2 Ktetfi^O 
»^H-C*4. S4CCte^X. 2 1BI8»*-C*SDC 

*- *cr>«***4r«tti-r 2 2 
*sa#a2 KoiH-tiRawiw^R <aa> *^©enJnw 

3 a* > •^©ffiftflsfi q 0 *f ett o?iStfi?s^*iS; 2 2 <fc 
•)#SUfct»«tifclW*i«tfc«*S' 2 413;pwm 

©^:^3 ; &i)S^-r'?b^iSS(I-§-2 5 5:l±i^T^. S6 
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0 Cc^JfflJ-T S«H»*K. 2 7 tt»»<D h 5 > 

6 *(oii«©*«K:i«r«»*tto***i»© 

8*^ST4. F^-r^S27BF^-f^Wiai 
flP?2 8 4«»0aMH»2 5*A*U 2o<D{f-^££ 
flSi/TtHi&TS. 

[0020105 tt*»?Ba^OS<O0«l2 OCfcW &°J!£ 10 

6 0 4W > h A 2 tt5£*8*E 1 3 5 V£Ptm<D#>7l£ 
1 0 L/m in, iglOm, «fifeO . 

. «sajffiKt?_bE©a ( 1 ) ©TKSWLrfcJSJRtStt 

CCEttS n/cB S8E*CC*5W 5 K8I£S:#JS 0 , P WMi 
iSKC^Of^f ^ 1 0%&cW£C<t. 
o£ 0«i**Ba«#ia3!P6»*:»ff 0 . 4 5 AtcWfifi 
or. SK.£B2a>6SteSfc»1.0L 
/m i nCCS6S»U8POA:ilS*, $!JW£<D#>:/#t4£- 
l>£ A ^CilffoS^C 2 (Sfc* 1 0 L/ 
min, 11*15. 8m, £P)][|1E1 0 0 V, «Sft0. 4 

[oo2i] (mm<DBn&3) &k:#«h©^<wbjb 

3 tco^r 12 6 7 ifflCiTSftitSo 

[ 0 0 2 2 ] @ 6 tt*«SB<C«lS<D»lB3 CCfctt^P 
^Bt*i. 06 tCtel^r, 3 1 «|g«KKr*>&DC 

Eft J: 0 #>^©JtB*#Sr5ttUH«J|t*R. 3 
3 W^>y©5E1»SaaQ0 *lfl«L/SS*SI»^S3 2 J: 
0»^LA:^iJttt^S»«Jt«^l8. 3 4t*'j =■ v 

©«»*«Krs*«iHitft^3 5S:a*ri. 3e 

CC 4 3 6«aMM»^a3 2r^»JSftfc8IUIQ1^6 • 
SSfflQ 0 fcUHjfKT 5»IJ*M^ 3 7 h v > 
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6 « * - * mt «sa* w o & ^ & isi»© 
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[0023] H7 tt*a?B(0*i6CWKfi63 CCijl't&nlS: 

6 0 #-f>hA3ttjet&*EEl 3 5VMW>^ 
«jST?*SiftH: 1 0 L/m in, WlOm, ««£0 . 
7 4Ai«Ltt^ ?fcte**E«lfite#>:/**H«3 

n/cn^. jewieei 3 5v^en»p3n/cB#<Dafes 

(iiKSQ 1 , WEH 1 , H^N 1 ) *B 3 £TS 0 * 

aasiwsiBriEflDS ( i ) ©Tccawr*. -eosi 

-C\ E«*R«:Ett3 n/c B««Jt«:*$W «ttjfc«:#JKi 
U *ft>j 5 5r*-{CJ:«J«»*#M«*tt0. 45 A 

|f^r7SLXt^<fc^CcaK^B.3^6B«S£«l-0 L 
/minWMWbm, «fe^C3 (illO 
L/mi n, III! 6. 5m, BttJOHEE 1 3 5 V , HSK 
0. 4 5A)tc^ttU 
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